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This thesis investigates the potential for PV generation at  Murdoch University. This project was 
firstly introduced by the Property, Development and Commercial Services Department office to 
Engineering and Energy School to look at how PV system can reduce the cost of electricity usage for 
Murdoch University.  
Geographically, Murdoch University is considered to have a great amount of solar resource in terms 
of direct normal radiation, with a monthly average of 6.93 𝑘𝑊ℎ/𝑚2/𝑑𝑎𝑦 (Stackhouse 2016). The 
study found that a total number of 42 roofs are available for implementation of the PV system at 
Murdoch University. There are three different orientations in which the available roofs are facing: 
North, West, and East. 
This thesis utilised PVSyst simulation software to design and model the proposed system. Two 
standard system are proposed, which are a single phase system with 5kW SMA Sunny Boy SB 5000TL 
inverter and three-phase system with 15kW SMA Sunny Tri-Power STP 15000TLinverter. From the 
matching array calculation, 275W Suntech STP275-Wem is used for this study. This is because a 5kW 
single phase system is needed to compensate with the limited roof space for the implementation of 
the PV module. The PV module has an efficiency of up to 16.9% and 202W maximum power output 
at Normal Operating Cell Temperature (NOCT). 
This project uses 6 of the 5kW inverters and 103 of the three-phase inverters, which gives a total of 
1.575 MW system. According to the simulation, the energy produced is calculated to be a total of 
2239.85 MWh/year. The performance ratio of the system for analysis period is 0.765 that can be 
considering as good PV system. Performance ratio (PR) is the quality and effectively of the system in 
term of converting the solar radiation to AC output. The simulation suggests that the cost of 
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1 Introduction 
The number of Photovoltaic (PV) systems installed in Australia is increasing annually as can 
see in Figure 1 and this is a positive step to achieve the Clean Energy Council (CEC) target, 
which aim to reduce the cost of electricity by 2020 (C. E. CEC 2014). PV systems are utilised 
at Murdoch University; the University has its own photovoltaic systems on the Murdoch 
Library and Engineering building roofs. One of the PV systems in the university, which is the 
Murdoch University Library Photovoltaic System (MULPVS), has 56kWp installed capacity 
and generated 81.92 MWh/year from August 2010 to May 2011 (Rose 2011). The Property, 
Development and Commercial Services Department of Murdoch University suggested that it 
is essential for them to explore a method to generate more energy from solar while 
reducing the electricity charges for the university itself. Electricity consumption rapidly 
increases in summer during the hottest days, especially when heat waves occur during the 
time of the day when most of the students are at university.  
A significant increase in recorded electricity charges has occurred every year starting from 
2009 till the present. The charges for small and large businesses increase by 5% to 10% in 
2009 and 13.5% in 2015 (WA Gov 2015). 
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Figure 1: Total capacity (kW) of Australian PV installation since April 2001 until 2016 (APVI/ARENA n.d.) 
The following report describes the opportunity of PV generation at Murdoch University 
through an analysis conducted from modelling PV Systems in PVSYST software 
simulations. Each one of the building roofs needs to be segregated into roofs facing 
North, West and East. The West facing roofs were involved in identifying whether the 
system can reduce the capacity charges. The measurements of the roofs area are 
determined by the SISFM and DATAViewer software that are provided by the University. 
The output of the PVSYST simulation were analysed and compared with the University’s 
energy usage record.  
1.1 Research Scope 
Based on the aim of the project, the research scope includes the following: 
1. To look at the opportunity for PV system generation at Murdoch University  
2. To conduct an infrastructure assessment of selected Murdoch University roofs. This 
scope will cover the step of measuring roof area and identifying the availability of 
roof space to fit the PV modules 
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3. To identify electrical components that are suitable for the PV system. This is involved 
in PV matching array to inverter calculations (refer section 2.3). 
4. To perform photovoltaic system modelling using PV simulation software. PVSyst is 
used for the simulations. 
5. To assess shading effects on the system. Shading from buildings, trees or other 
objects may alter the power outputs during the day. 
6. To analyse the performance of the system to see whether the system can affect the 
electricity usage, and to compare the PV system simulation results with the recorded 
electricity usage of the University. 
7. To analyse the reduction of electricity charges.  
1.2 Literature Review 
 
This thesis is a new project for ENG470 because it was proposed by Property, Development, 
& Commercial Services Department to the School of Engineering and IT. To gain the idea and 
understanding of this thesis, reading of previous theses and journals was carried out. First 
thesis reading was from Siv Helene Nordahl, titled (“Design of Roof PV Installation in Oslo”). 
This thesis gives an idea of how to generate meteorological data for a specific location for 
PVSyst simulations. The meteorological data for a specific location to be used in PVsyst can 
be prepared on an hourly or monthly basis. This thesis also explains the input parameter 
such as type of PV panel, Inverters and other electrical components that are necessary to be 
used for the simulation (Nordahl 2012). 
The second thesis reading was from Stephen Rose entitled of (“Performance Evaluation, 
simulation and design assessment of 56kWp Murdoch University Library photovoltaic 
system”). There were 9 sub arrays of a PV system built with two different PV module types 
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(mono-crystalline and poly-crystalline). The performance ratio analysis period of the system 
was 0.759 with highest PR of 0.796 in September and lowest PR of 0.719 in May. Rose also 
found that the performance of poly-crystalline is better than mono-crystalline. PV 
simulations were used in this thesis to investigate the shading effect. This gives an idea of 
how the shading model works in PVsyst (Rose 2011). 
The third thesis reading was from Ragnhild Tjore, entitled (“PV system design and 
production simulations for Mully Children´s Family Yatta, Kenya”). In this thesis, the author 
demonstrated the steps of choosing an inverter and PV module by using PV matching array 
to inverter calculation (refer section 2.3). This step is important to select the efficient 












      | Ahmad Mohd 
 ENG470 ENGINEERING HONOURS THESIS 
Page | 5  
Photovoltaic Generation Opportunity Analysis at Murdoch University 
 
1.3 Available PV Simulation Software 
 
As mentioned in the previous section, this project uses simulation software to simulate the 
output for a particular location, and Murdoch University was chosen as the location. There 
are various PV simulation software available in the market. These simulation tools allow for 
the designing and modelling of the PV system with specific parameters such as 
meteorological data, locations, orientations, electrical components and shading effects. 
Listed below are some of the simulation software tools that are available. 
 POLYSUN (CH) 
This software was developed by Vela Solaris with the capability to design, analyse and 
perform calculations to help installation of systems in the field of renewable energy. The 
features of POLYSUN include the horizon which can determine the Meteorological profile, 
electrical components database, shading analysis, economics calculations and PV system 
templates (Solaris 2016). 
 PVscout  
This software was developed by SOLARSCHMIEDE in Germany. PVscout has an extensive 
database for electrical components from the manufacturers, such as inverters, batteries, 
and PV modules. It can generate high resolution solar irradiation data in mean minute 
values. The economic details for the system can also be calculated.  PVscout can produce 
details for technical output, electrical wiring diagrams, DC connection drawings, solar yields 
and economic efficiencies (Solarschmiede n.d.). 
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 HelioScope 
HelioScope is an advanced PV system designing tool that was developed by Folsom Labs. 
This simulation tool allows users to design PV systems directly from NearMap software, 
which will simplify and shorten the process of solar system design. NearMaps can generate 
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2 Methodology 
The primary purpose of this project is to analyse the photovoltaic generation opportunity in 
Murdoch University for North, West and East facing roofs. The project was divided into two 
phases (Phase 1 and Phase 2), with a focus on the availability of roof space for photovoltaic 
panels and the shading impact for each building. Phase 1 (green table) involves buildings 
around Bush Courts (Business and Law, Engineering and Library). The rest of the buildings in 
Table 1 are a part of Phase 2 (blue table).  
 








Social Sciences Building (SS)
Economics, Commerce and Law Building (ECL)
Business Information Technology and Law Building (BITL)
Law Building
Chancellery Building
Environmental Science Building (ES)
Physical Science Building (PS)
Lecture Theatres Building (NEXUS & KBLT)
Library Link Building
Library (South) Building
Science and Computing Building (SC)
Murdoch Business School Building 
Learning Link (LL)
Worship Centre
Education and Humanities Building (EH)
Amenities Building (Amen)
Loneragan Building (LB)
Biological Science Building (BS)
Veterinary Building (VBS)
Veterinary Clinical Sciences Building (VCS)





























Buildings Name Building Number
410
412 & 415
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Buildings at Murdoch University have lots of suitable roof space for the installation of PV 
systems, with similar roof pitch that provides design advantages to this project. This project 
involves measuring the area of the roofs for PV modules installation, and the performing 
and simulating the output energy from the system that can be generated for each building 
by using PVSyst (Simulation software for solar energy performance) and observing shading 
losses that affect the system. Some of the buildings are not suitable for the installation of a 
PV system because there is too much of shading from the trees and other buildings. Shading 
will affect the performance output of the system and will significantly reduce the energy 
output. As shown in Figure 2, the roofs of some buildings around Bush Court, such as the 
Senate Building, are mostly covered by shading and so these buildings are not suitable for 
the installation of a PV system. 
 
Figure 2: Buildings around Bush Court that involved in the simulation 
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At the beginning of the project, the system was designed to accommodate single and three 
phase PV systems with the same size of modules, which in this case is the SunTech 
MonoCrystalline with 275W and two inverters rated at 5kW single phase and 15kW three 
phase. Two different systems are installed because some of the roofs could not 
accommodate the three phase system due to limited roof area. The single phase system 
could fit on roofs with small available area. After determining the size of modules and 
inverters, the PV matching array calculation is conducted. For comparisons and selections, a 
few other inverters and PV modules that are chosen with the same size and capacity for the 
matching array calculation. These inverters have different efficiencies, maximum input and 
output currents and different MPPTs. This calculation helps to decide how many panels and 
inverters to be used for the system. Table in Appendix A shows the steps of calculation and 
results of the PV matching array calculation. This will be explained details more in section 
2.3.  
2.1 Simulation Tool 
This project is a software based project that analyses, designs, and assesses the photovoltaic 
opportunities to be generated by Murdoch University. The software is PVSyst, a tool that 
can design and model PV energy output production of stand-alone and grid-connected PV 
systems that was developed by Andre Mermoud in 1992 (PVsyst, PVsyst Photovoltaic 
Software 2012). The developments of the software focus mainly on the study and 
simulation of photovoltaic systems. By using this software, a simulation of solar energy 
output can be observed and applied to any region in the world. PVSyst utilises a database of 
inverters, PV modules, and batteries that are generated from the manufacturer’s technical 
information data. It helps the user to choose the components and equipment that are 
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necessary for the software. The software uses Meteo data that can be created from the 
sources of Meteo data such as Meteonorm, NASA-SSE, RETScreen and other providers. 
Meteo data in terms of monthly and hourly samples can be used for the simulation. In this 
project, hourly data is more suitable because hourly electricity usages are taken into 
account as the main concern in reducing the electricity charges.   
The energy output from the solar arrays is directly affected by the parameters that are 
entered in PVSyst software. These parameters can be personalised and customised for the 
PVSyst simulation in order to produce higher accuracy results. The perfect and precise 
parameters will give a good and accurate result for the simulation. The software was 
recently upgraded to new version 6.39 (PVsyst, PVsyst Photovoltaic Software 2012).  
The PVsyst program uses three dimensional (3D) models of the system, taking into account 
the buildings and trees within the vicinity to calculate the hourly shading effect calculate 
differentially on the beam, diffuse radiation and shortwave radiation known as albedo. For 
this project, Murdoch University will visually be broken down building by building. Position 
and heights of the trees around each building will also be taken into account for calculating 
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2.2 SISfm 
In modelling a PV system, the available roof areas are measured by using SISfm, which is 
provided by the University. This software consists of roof plan and building construction 
drawings. The software was developed by Integrated Facility Management (IFM) Pty. Ltd., 
based in New South Wales and Western Australia. IFM specialises in dimensional system 
development and suppling integrated Geographic Information Systems (IFM n.d.).     
Configured to fulfil the graphical needs of Facilities, Asset, and Space Planning Management, 
SISfm, a scalable server-based dimensional information complex, amalgamates all CAD and 
GIS info with respective back office systems. The establishment of SISfm Enquiry enables 
management to Query, in which the details of all the data correlating to appropriate 
facilities can be given through multiple browsers in addition to allowing both extensive and 
public access (IFM n.d.). 
SISfm Enquiry™ sits at the top of the hierarchy of all existing business systems, providing a 
secure and user-friendly (Multi-User License) website portal together with access to all 
Property and Site data. Furthermore, it can expedite various operations from viewing to 
printing or reporting, aiding in minimising the amount of Power Users and simultaneously 
maximising the availability of data to multiple other users (IFM n.d.). 
In order to access Murdoch University SISfm, the student needs to register for accessibility 
with IT services. Figure 3 shows the home page from the SISfm software for Murdoch 
University. This software can also provide the details of Rockingham Campus. Figure 3 and 4 
shows the SISFM software home page and roofs plan. 
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Figure 3: SISFM home page (Murdoch University) 
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SISfm allows the user to determine the measurements of the roof lengths and areas as 
shown in Figure 5.  
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2.3 Matching Array Calculation 
One of the critical steps to design a PV system is to match the output of the array to the 
inverter input, this is known as the PV Matching Array calculation. The PV matching array 
calculation involves selecting a number of panels and inverters from the specific formulas as 
calculated in the excel spreadsheet. This is the first step to identifying the size of the system. 
It is important to have an appropriate string size in designing the PV system. String is 
defined as the multiple number of module that are connected together. If the string size is 
too small, it will affect the overall efficiency of the system. Meanwhile, excessive string 
sizing will damage the inverter and other electrical components.   
The main reason for performing the PV matching array calculation is to produce high 
performance in terms of the inverter energy output with the array at the site of the system 
installation under any given condition. Other than that, it helps in determining the size of 
the inverter to operate at or near maximum power or nearly without power limitation 
during peak hours. 
Grid connected PV systems will normally have more than one string of 5 to 20 modules 
connected in series. The total number of PV modules that are connected in series and the 
number of strings depend on the manufacturer’s data sheet of the PV modules and the 
inverter itself. This consists of maximum DC power of the inverter, maximum and minimum 
input voltage and current rating of the inverter, cell temperature of the site, and total 
power of the system. These data are needed to perform the matching array calculation.  
 
 
      | Ahmad Mohd 
 ENG470 ENGINEERING HONOURS THESIS 
Page | 15  
Photovoltaic Generation Opportunity Analysis at Murdoch University 
 
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑜𝑝𝑒𝑛 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑣𝑜𝑙𝑡𝑎𝑔𝑒
= 𝑂𝑝𝑒𝑛 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 + 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝐶𝑜 𝑜𝑓 𝑉𝑜𝑐 
× (𝑚𝑖𝑛. 𝑐𝑒𝑙𝑙 𝑡𝑒𝑚𝑝. −25) 
 
𝑴𝒂𝒙𝒊𝒎𝒖𝒎 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒎𝒐𝒅𝒖𝒍𝒆 =  
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑣𝑜𝑙𝑡𝑎𝑔𝑒




= 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑎𝑡 𝑃𝑚𝑎𝑥 + 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝐶𝑜 𝑜𝑓 𝑉𝑜𝑐 × (𝑚𝑎𝑥. 𝑐𝑒𝑙𝑙 𝑡𝑒𝑚𝑝. −25) 
𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑀𝑃𝑃 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 





𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒎𝒐𝒅𝒖𝒍𝒆 =  
𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑣𝑜𝑙𝑡𝑎𝑔𝑒
𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑀𝑃𝑃 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 
 
 




These step are the standard guidelines for the Grid-Connected Solar PV Systems installation 
form Clean Energy Council Accredited (CEC 2013).  
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2.4 Inverters 
The inverter is the main component of every PV system. Direct current (DC) is converted 
from the PV strings to alternate current (AC) and fed into the grid. The inverter monitors 
and controls the entire system to ensure that the PV modules operate at the right operating 
conditions with maximum power and suitable temperature of the module. There are three 
necessary characteristics to be taken into account in selecting the right inverter in PV 
system design which are the rated power, peak power and efficiencies (Arizona 2016).  
There are a few types of inverters selected for this project with different conversion 
efficiencies. It is important to compare which is the best inverter to be selected. In order to 
select the inverter, PV matching array calculations are conducted.    
2.4.1 Three Phase Inverter  
From the PV Matching Array Calculation, SMA Sunny Tri-Power 15000TL (STP 15000TL) was 
selected as the three phase inverter. This inverter has a Maximum DC power input of 15,430 
W with 360 V to 800 V MPP Voltage range. Maximum AC power output up to 15,000 W with 
160 V – 280 V AC voltage range (SMA n.d.). Other technical data are shown in Table 2 and 
more details are provided in Appendix B 
Table 2 : Technical Specification of SMA Sunny Tri-Power 15000TL (STP 15000TL) inverter (SMA n.d.) 
Max. DC power (@ cos ɸ =1) 15,340 W 
Max. DC Input voltage 1,000 V 
MPP voltage range  360V - 800 V 
Min. DC input voltage  155 V 
AC Rated Power  15,000 W 
Max. AC apparent power  15,000 VA 
AC voltage range 160V- 280V 
Max. AC output current 24 A 
Power factor (cos ɸ) 1 
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2.4.2 Inverter Efficiency curve (SMA STP 15000TL) 
 
Figure 6 shows the efficiency curve of the SMA STP 15000TL inverter at 360 V, 600 V and 
800 V. The maximum efficiency for the inverter is 98% from manufacture test result. It can 
be observed that the lower inverter efficiencies occur operates at 360 V (96.6%) and 800 V 
(96.9%) (SMA n.d.). 
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2.4.3 Single Phase 
The single phase, SMA Sunny Boy 5000TL (SB 5000TL) was selected from the PV Matching 
array to inverter calculation. This inverter has a Maximum DC power input of 5,250 W with 
175 V to 500 V MPP Voltage range. Maximum AC power output is 4,600 W with 180 V – 280 
V AC voltage range (Australia n.d.). Other technical data is shown in Table 3 and more 
details are provided in Appendix C. 
Table 3: Technical Specification of SMA Sunny Boy 5000TL (SB 5000TL) inverter 
Max. DC power (@ cos ɸ =1) 5,250 W 
Max. DC Input voltage 750 V 
MPP voltage range  175 V - 500 V 
Min. DC input voltage  125 V 
AC Rated Power  4,600 W 
Max. AC apparent power  5,000 VA 
AC voltage range 180 V - 280 V 
Max. AC output current 22 A 
Power factor (cos ɸ) 1 
 
 
2.4.4 Inverter Efficiency Curve (SMA SB 5000TL) 
Shown in Figure 7 is the efficiency curve of the SMA SB 5000TL inverter at 175 V, 400 V and 
500 V. The maximum efficiency for the inverter is up to 97%, with a voltage of 400V. It can 
be observed that the inverter operates with lower efficiencies at 175 V and 500V at 95.8% 
and 96% respectively (Australia n.d.). 
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Figure 7: SMA Sunny Boy 5000TL (SB 5000TL) inverter efficiency curve (Australia n.d.) 
 
 
2.5 Photovoltaic (PV) Module  
For the PV module selection, the steps taken to choose the module are basically the same as 
these of the inverter. The PV matching array calculation is conducted beforehand. SunTech 
STP275 – 20/WEM 275 W monocrystalline modules were chosen as the module for the 
system. From the matching array calculation, SunTech module had the maximum number of 
modules per string that involved with SMA SB 5000TL and SMA STP 15000TL inverters. The 
optimum operating voltage (𝑉𝑚𝑝) for this module is 31.1V with module efficiency up to 
16.90% (Suntech 2016). The Maximum power at Normal Operating Cell Temperature (NOCT) 
is 202 W, 73.5% from Small-scale Technology Certificates (STC) power rated. Table 4 shows 
the electrical characteristic for the PV module and other details are given in Appendix D  
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Table 4 : Technical Specifications of SunTech STP275S-20/WEM Photovoltaic Module 
Maximum Power at STC (Pmax) 275 W 
Optimum Operating Voltage 
(Vmp) 
31.1 V 
Optimum Operating Current 
(Imp) 
8.85 A 
Open Circuit Voltage (Voc) 38.5 V 
Short Circuit Current (Isc) 9.34 A 
Module Efficiency  16.90% 
Operating Module Temperature -40 °C to +85 °C 
Power Tolerance  5% 
Maximum Power at NOCT 
(Pmax) 
202 W 
Temperature Coefficient of 
Pmax 
-0.44 %/°C 
Temperature Coefficient of Voc -0.34 %/°C 
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2.6 Building Assessment 
Site surveying was conducted to assess and analyse the buildings around the University. A 
site visit was conducted to identify the roofs that are available for installation of the PV 
modules and to observe and consider the shading effects within the vicinity. There are some 
buildings with roofs facing north, west, and east, as shown in Figure 8. 
 
Figure 8: Available roofs to place PV module (Maps 2016) 
 
In this figure, the yellow highlights are the North facing roofs; blue highlights are the East facing 
roofs, whereas the green highlights are the West facing roofs. Based on the site surveying, it was 
determined that a total number of roofs that are facing North is 23, 11 for East facing and 8 for West 
facing. 
It was found that the buildings around Bush Court have lots of trees that cover a few 
particular roofs with shade as shown in Figure 9. This causes lots of shading effects that will 
reduce the performance of the system on those particular roofs. 
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Figure 9: Building around Bush Court (Maps 2016) 
 
2.7 Availability of Roof Space for panels 
This is the most important step to begin simulations in PVSyst. In this project, the area of 
the roof was measured by using SISfm and the number of PV modules that can fit on a roof 
depends on the roof area. The measurement takes into account approximately 80 percent 
of the area of the roof available. This consideration is taken because some roofs have 
structures that obstruct the area in which the panels will be installed, such as roof hooks, 
ventilation systems, and ducts as shown in Figure 10. This reduces the available space for 
panels to fit on the roof.  
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Figure 10: Roof space having ventilation system 
 
2.8 Module area  
After the steps in section 2.7 are finalised, the available area on the roof was tabulated 
(refer Appendix B) and the area of the module is then calculated. The size of the panel is 1m 
x 1.7m, which corresponds to an area of 1.7𝑚2 for one module.  Most of the buildings that 
are suitable for the installation of the modules can fit more than 54 modules and this gives 
an approximate minimum output of 14.85 kW system for a three phase system. For single 
phase, there were only three inverters used. The system was designed with the same 
number of module in series. The three phase system has 3 of 18 modules in series and the 
single phase system has 2 of 9 modules in series. This action took place after conducting the 
PV matching array calculation (refer Appendix A).  Figures 11 and 12 shows the standard 
configuration of one inverter for single and three phase system. 
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Figure 11: Single phase system (5kW) standard configuration 
 
Figure 12: Three phase system (15kW) standard configuration 
 
3 PVSyst Design 
3.1 Geographical location 
The location for this project is Murdoch University. Murdoch University is located in Perth, 
WA with -32 ° latitude and 115° longitudes  (Maps 2016). Most buildings in the University 
have a common roof tilt of 23° and some have slightly lower than standard roof pitch. 
3.2 Solar Radiation and Meteorology 
The total energy produced from a PV module depends on the total solar radiation at the 
location of the module. The energy that is produced during the summer months is typically 
greater than the winter months. The total solar energy that falls on the horizontal surface is 
known as Global Radiation, which consists of three different components, which are beam, 
diffuse and albedo radiation. Beam radiation, also known as direct radiation, travels directly 
to earth without any reflection, in a straight line from the sun. Diffuse radiation is scattered 
due to molecules in the atmosphere (Bureau of Meteorology, Solar Radiation Definitions 
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2016). Finally, the radiation that is reflected from the module or the ground is called Albedo 
radiation, which is usually high when surfaces are covered with snow. Figure 13 highlights 
the different radiation types. 
 
 
Figure 13: Illustration of Solar radiation in the atmosphere 
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Figure 14: Average annual global horizontal irradiation in Australia for averaged period of 2007 – 2012 (SolarGis 2016) 
 
Figure 14 illustrates the annual average solar radiation in Australia for period from 2007 
until 2012. As seen in Figure 14, the solar radiation in Perth as an annual average from 2007-
2012 is around 1950 kWh/𝑚2/year. The annual average irradiance north from Perth reaches 




      | Ahmad Mohd 
 ENG470 ENGINEERING HONOURS THESIS 
Page | 27  
Photovoltaic Generation Opportunity Analysis at Murdoch University 
 
3.3 Meteorological data 
For meteorology data, the particular location in which the project will be commenced is 
taken into account and defined before performing a project design simulation in PVsyst. 
Some countries and sites that were chosen for the simulation have more than one 
meteorological file-the user can select any one of these files. Upon examining the 
meteorological files, PVSyst allows the latitude and longitude of the location to be defined in 
decimals, as well as in degrees and minutes. The user needs to provide the monthly 
meteorological values that can be sourced from any meteorology data (Nordahl 2012). 
 
PVSyst requires the hourly or monthly meteorological values for global horizontal irradiation 
and the ambient temperature with the time and dates. This software also provides synthetic 
data that can be used to run the simulation. In this project, hourly data is more important 
because the university is interested is the hourly electricity usage. On top of that, additional 
data that could be allocated can also be included, such as, horizontal diffuse irradiation and 
the wind velocity (PVsyst, Meteo Data n.d.). As seen in Figure 15, the sun path diagram 
shows the sun height and the azimuth for the location that had been chosen.   
 
Figure 15: Sun path diagram 
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The sun path diagram illustrated in Figure 15 is constructed in PVSyst based on the data that 
is sourced from Murdoch Meteorological data file (University 2013). The specified location 
for this particular meteorological file is approximately 0.9 km from the location of the 
simulation happened in this software which is building in Murdoch University; albedo value 
needs to be included. The value provided is equal every month from January to December, 
which is 0.2 as default. Table 5 shows the list of albedo values that are furnished by PVSyst 
for a particular environment that can be used. From the tabulated data, fresh snow and 
aluminium have the highest albedo values due to the substantial amount of light being 
reflected from those surfaces.  As the building is located in an urban environment, it is safe 
to assume that an albedo value is equal to the default by PVsyst with the value of 0.2 for 
each month because most of the PV module will cover the roof area.  




Urban situation 0.14-0.22 
Grass  0.15-0.25 
Fresh grass 0.26 
Fresh snow 0.82 
Wet snow 0.5500.75 
Dry asphalt 0.09-0.15 
Wet asphalt 0.18 
Concrete 0.25-0.35 
Red tiles 0.33 
Aluminum 0.85 
New galvanized steel 0.35 
Very dirty galvanized 0.08 
 
In PVSyst, there is a section for site design parameters that are linked to the array sizing and 
input voltage of the inverters that can be found in site and meteorological section. The 
default value for VmaxAbs at lower temperature limit is -10°C, and this can represent the 
absolute lower cell temperature. Despite this limit, PVSyst considers that the cell 
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temperature is equal to the ambient temperature. The sun couldn’t heat up the module due 
in the morning. The temperature of -10°C was set by PVSyst as default lower cell 
temperature value. However, the minimum ambient temperature in Perth for an average of 
22 years (Jan 1994 - Dec 2016) was recorded to be 15°C (Bureau of Meteorology, Climate 
statistics for Australian locations 2016). Therefore, this value was changed from -10°C to 
15°C. To determine the maximum voltage of the array, VmaxAbs. The lower temperature 
limit parameter is utilized. The lowest temperature of open circuit voltage and absolute 
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Table 6 shows the source of the meteorological database provided in hourly and monthly 
data for global horizontal radiation (Gh), diffuse radiation (Dh), ambient temperature (Ta) 
and wind velocity (WindVel) (PVsyst, Sources of Meteo data 2012).  
Table 6: List of Metrological data sources for PVSyst input (PVsyst, Sources of Meteo data 2012) 
Database    Region   Values    Variables    Availability 






Gh, Ta, WindVel 
 
Software 







































































Gh, NO Ta 
 
Web free 
    
Daily 
    
    
Monthly 






Gh, Ta, Light turbidity Web free 































Gh, Dh, Ta 
 
Paid access  
  
Africa 
      
  
Asi, Brazil, 
      
    
West 
Australia             
 
PVSyst needs meteorology data in order to perform the best output result simulation for 
any particular location. The meteorology data that was used in this project was taken from 
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Murdoch MET Station located approximately one kilometre from the  centre of the 
university, as shown in Figure 16.  
 
Figure 16: Distance from Murdoch university to weather station approximately one kilometre (Maps 2016) 
 
Murdoch MET Station also provides data such as air temperature, relative humidity, wind 
speed and direction, air pressure and rainfall (University 2013). This data was chosen 





Distance from Murdoch 
University to Weather 
Station = 1 km 
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The solar radiation and ambient temperature data that is used in this project were taken 
from Murdoch MET station located at coordinates -32° latitude and 115° longitude. The 
hourly data from the MET station were in W/m2, which is then converted to kWh/m2. These 



















Figure 17 & 18 show the comparison of solar radiation from four different sources, which 
are NASA SSE, Bureau Australia, RetScreen, and Murdoch MET Station. All data were taken 
for 25 years averaged except for the Murdoch MET Station data. There is not much 
difference between the averaged data and one-year data. From the data, the output of the 
system and energy produced are changed in accordance with the radiation from the sun, so 
the larger the solar radiation, the larger the energy output of the system, whereas lower 
solar radiation will give lower energy output from the system. The larger solar radiations 
occur during January and December. 
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Figure 17 : Annual averaged of Global Horizontal Irradiations (kWh/m2/day) with different sources of MET Data. 
 
 
Figure 18 : Monthly averaged global horizontal irradiation (kWh/m2/day) 
 
 
Global Horizontal Irradiation Data 
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3.4 Orientation 
This project is based on a software simulation that relies on the orientation for a specific 
location. In PVSyst, there are options for choosing the orientation of the PV module such as 
fixed tilted, tracking system, single and dual axis system or seasonal tilted module. The 
seasonal tilted module gives advantages for the system during winter to gain and produce 
more energy output because the module pitch can be adjusted (PVsyst, Plane orientation 
n.d.). Solar radiation collected for PV system needs to be as much as possible. Figure 19 
illustrates the optimum tilted angle or roof pitch in order to receive the highest radiation. 
While following the rule of thumb, the optimal tilt angle for the PV system is based on the 
latitude of the location during the summer months. To maximize solar radiation during the 








Most buildings at Murdoch University is have a similar roof pitch of 23°. Only a few of the 
buildings have a roof pitch less than 23°. This gives advantages in modelling the PV system in 
PV Module Tilted angle in degree (°) 
Solar radiation 
Figure 19 : Tilted angle 
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PVSyst. The system was modelled in single and three phase as mentioned in Section 2.8 with 
of the buildings having either north, west, or east facing roofs.  
3.5 Shade 
Murdoch University’s geographical surrounding is covered with a large number of tall trees. 
This will give shading to the modules and affect the PV system outputs. From the site 
assessment that has been conducted, shading from other buildings can be ignored because 
the heights are similar. The shading effect can reduce the radiation that falls on the module 
and reduces the performance of the PV system. The simulation with shading will be 
discussed in Section 3.5.1 on how the shading gives a reduction on the system. 
3.5.1 Shadings in PVSyst 
In PVsyst simulation, shading effects are categorized into two parts, which are far and near 
shading. Far shading is considered as the shading that is caught by the horizon. On the other 
hand, near shading is considered as the surrounding shades such as building, trees, and 
other objects that would cause changes throughout the day (PVsyst, Shadings n.d.). 
In this project, near shading was applied in the simulations. PVSyst defined the shading 
factors as the ratio on how the shading will affect the system. The simulation required 
three-dimensional (3D) data of the building construction in order to calculate the shading 
factor.  
This construction is based on the real size and measurements of the buildings that are 
generated from SISFM and Google Maps. SISFM mainly provides the roof area of the 
building and also the height measurements while Google Maps shows the location of the 
trees and the buildings that will be affected by shading. Assumptions were made for the 
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distances and the size of the trees because there is no equipment or tools that can measure 
exact distance while running this project. A measurement can be seen in Figure 20, showing 
what assumptions were made.  
 
 
Figure 20: Measurement of tree radius 
The scale factor of Google Maps is 5m:2cm. The height of the trees was calculated by using 
the 3D images from Google Maps. The assumptions were used to construct the 3D model 
PVSyst shading simulation.  
Other than that, PVSyst enables the users to run the simulation with three options that are 
related to shading. There is no shading, linear shading, and shading according to module 
string. Only two options were used in this project, which are no shading and linear shading. 
In no shading option, a 3D construction module is not required. This will give the output 
simulation without the shading. For linear shading, 3D constructions of the buildings and 
Radius of the trees = 10cm 
10cm = 25m 
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shadings are necessary, and the shading factor was calculated by PVSyst from the altitude 
and the azimuth angle for the chosen location.  
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4 PVSyst Simulation 
In this section, the simulation using PVSyst was conducted with the input parameters that 
were selected before running the program. Listed below are the parameters. 
 Location 
o Murdoch University 
 Latitude: -32° 
 Longitude: 115° 
 Meteorological Data 
o Global Horizontal Irradiation in hourly basis (W/m2) 






o Single phase system: SMA Sunny-Boy SB5000TL 
o Three-phase system: SMA Sunny Tri-power ST15000TL 
 PV module 
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These input parameters were used for all simulations that were carried out in this project. 
Every building has a different area of roof space that can fit the PV module for installation. 
The minimum number of inverters used in this project was one for the smallest roof space. 
In order to classify the number of inverters and modules for the simulation, table in 
Appendix E from site surveying was used. This helped to identify the total number of 
electrical components required.  
The following shows the approach and procedure on how the process of the PVSyst 
simulation was done. 
As shown in Figure 21, the ‘Grid-connected’ system was selected for this project. 
 
Figure 21 : PVSyst home page 
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After selecting the system, geographical input parameters and other variables need to be 
completed. Figure 22 shows the example of a three-phase system for the Refectory building 
on the Murdoch campus. 
 
 
Figure 22 : Geographical input parameters from PVSyst 
 
In ‘Project Variant’, coordinates for a particular location and meteorological data were used. 
For this project, all modules will be placed on the roof. The Refectory building has only one 
roof orientation, which is North facing with tilt angle at 11°. These inputs were used in the 
‘Orientation’ section, as shown in Figure 23. 
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Figure 23 : Orientation input in PVSyst for Refectory building 
 
The electrical component for this projects then selected in ‘Systems’ section. As mentioned 
before, the SMA ST15000TL and Suntech 275W 275STP-wem were used, as shown in Figure 
24.  
Firstly, the simulation was run without any shading effect. With the Refectory building 
simulation, the energy produced from this system was 132.5 MWh/year. The system has 6 
inverters and 288 PV modules with a maximum system output of the 90kW system. Figure 
25 and 26 show the result report from the PVSyst simulation.  
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Figure 24 : Electrical components variant in PVSyst 
 
The same steps were taken for other buildings that are involved in this project.  
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Figure 26: PVSyst simulation report result for Refectory building 
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4.1 Modeling Shading  
 
Modeling shading in PVSyst involve the three-dimensional construction of the buildings that 
involved and the surrounding shading object that will affect the system, such as trees, 
buildings, and other objects that change during the day.  
The parameters that were calculated are used in modeling the shading effect. In PVSyst, the 
building construction was built, and the modules were placed on the roof. Figure 27 shows 
the elementary shading object for the tree. The parameters for the tree can be identified as 
follows: 
Medium-point height: measurement taken from the middle part of the greenness to the top 
of the tree 
Medium height: measurement of the middle part of the greenness 
Low part height: measurement taken from the middle part of the greenness to the trunk  
Trunk height: the height of the trunk from ground to the greenness  
Medium diameter: the middle diameter of the greenness  
Trunk diameter: the width of the tree trunk 
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Figure 27 : Input the parameter for trees 
 
Figures 28 and 29 illustrated the shading model for Refectory building in PVSyst. The model 
was constructed with the exact size in meters so that the PV module can be placed on the 
roof. PVSyst allows the users to identify the size of PV modules.  
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Figure 28 :  Refectory building shading model construction (Top View) 
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Figure 29 : Refectory building shading model construction 
 
Figure 30 : The 3D coloured construction of Refectory building 
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Figure 31: Output table for shading factor from PVsyst with different azimuth and elevation for Refectory Building 
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5 Performance Results 
5.1 Energy Produced  
Every building that is involved in this project was simulated in PVSyst without shading effect 
and the results for the twelve-month period were analyzed. The results were tabulated and 
shown in Appendix F and Table 7 shows total energy produced for monthly averaged. The 
energy produced from all simulations was 2239.85 MWh/year. This included all North, West, 
and East facing roofs.  
Table 7: Energy produced from PVSyst simulation 
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Figure 32: Energy produced for all building in PVSyst 
Figure 32 shows the energy produced from PVSyst simulation results for all buildings. The 
lowest energy produced from the simulation was in July during winter, which exceeds 100 
MWh, while the highest energy produced is in December and January vary both of these 
months have energy produced that is more than 240 kWh.  
5.2 Energy Consumption  
Each year, Murdoch University has its highest energy consumption and usage during the 
start of first semester, which is February and March. The energy consumption was divided 
into two peaks, which are “on peak” usage during the weekdays and “off peak” usage during 
the weekends. Figure 33 shows the energy consumption for the twelve months of 2015. 
From the figure, the highest energy consumption was 1000 MWh usage for on peak energy 
usage. 
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Figure 33: Murdoch University Energy consumption for twelve-month period in 2015 
  
The energy consumption of Murdoch University and energy that was produced from the 
PVSyst simulation are compared in Figure 34. From the simulation results, PV system energy 
output that was designed in PVSyst can reduce the utility electricity usage by 10% of the 
power consumption annually. This would make a significant impact if the PV system was 
built in the University.  
J          F         M          A          M         J          J          A         S          O          N           D 
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Figure 34: Comparison between energy consumption of Murdoch University with energy produced from PVSyst 
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5.1 Performance Ratio 
 
The performance ratio of the PVsyst results and MULPVS system was compared as shown in 
Figure 35. The overall performance ratio for this project from PVsyst simulation was 0.765, 
which is slightly higher than the performance ratio for MULPVS of 0.759. This performance 
ratio (PR) can be consider good because the range of quality PR between 0.69 to 0.9 
 
 
Figure 35: Performance ratio comparison of PVSyst simulation with MULPVS system 
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6 Future Works 
Throughout this project, the system without shading was simulated, and the results 
produced imply a potential reduction in the electricity charges for the University. This will 
encourage the Property Development and Commercial Service department to build and 
develop the PV system in Murdoch University based on the data that was generated from 
the PVSyst simulations. With this simulation, PVSyst would give an approximate result, and 
further analysis can be made to get more accurate data. Still, this project needs to continue 
with the shading analysis for every building that is included. The shading simulation requires 
more time to do it. This is because, in PVSyst, the shading simulation needs to have the 3D 
construction of every building and the objects that will give shading for the system, such as 
trees.  
There are other PV simulation software that are available in the market nowadays. An 
example of said software is Helioscope. This software enable the user to design a PV system 
directly from NearMap software. NearMap is a tool that provides high quality aerial images 
for every location in the world. This software uses highly engineered camera attached on 
aircraft that would fly at low altitude to capture the image from the sky. This two software 
are linked together when designing a PV system. Helioscope allows users to place PV system 
on any roof. This will make the process of designing the system faster than PVSyst. 
Helioscope also has Meteorological data for any particular location. Electrical design such as 
wiring to the inverters and modules are included in this software. The summary report for 
the simulation allows users to analyze the output data in kWh/kWp and MWh, as well as the 
performance ratio. 
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It will also be beneficial to include a more detailed economic analysis of the systems. 
With these two simulation tools, there are many advantages for the University to compare 
which software is the best to be used in designing the PV system. On top of that, these 
simulation tools can be used in Renewable Energy units for further study purposes.  
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This thesis project looked at the opportunity of PV generation that can be installed in 
Murdoch University by using PV simulation software. Site surveys were performed to 
identify the availability of roof space and the shading that will affect the system, from which 
it was found that Murdoch University has suitable roof space to install PV systems for the 
University. From the simulation results obtained, it can be deduced that the photovoltaic 
system modeling using PVSyst simulation software has produced an energy output that is 
able to reduce electricity usage in Murdoch University by about 10%. In total, about 2239.85 
MWh/year can be produced from a photovoltaic system compared to a total energy 
consumption of 22291.36 MWh/year. 
The improvements that can be implemented to this project is to continue doing shading 
effect simulation for the remaining buildings by using other simulation tools such as 
Helioscope for a more efficient output in comparison to PVsyst simulation software. 
Helioscope, write the aid of Nearmap, is able to directly place the module without having to 
take manual measurements of the appropriate buildings, hence enhancing the process of 
designing the system. Furthermore, in order to optimize the energy produced from the 
photovoltaic system, it is also recommended to increase the size of the system by using 
larger inverters and modules. Other than that, a more detailed economic analysis for the 
systems should be included for a more accurate measurement of electricity charges such as 
capacity charges during peak hours. This will enable Murdoch University to compare the 
potential amount of savings in addition to the reduced cost of energy consumption.  
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Inverters SMA KACO ABB FRONIUS
Power (W) DC 5250 5000 5150 5000
PV Modules Suntech Neo Solar Power Gintech Canadia Solar
Power (W) 275 280 280 275
The input voltage window
Vinvmax (V) 750 600 600 600
Vinvmax_mpp (V) 500 510 530 530
Vinvmin (V) 175 200 150 150
Suggested safety margin
Vinvmax (V) 750 600 600 600
Vinvmax_mpp (V) 500 510 530 530
Vinvmin (V) 192.5 220 165 264
Maximum number of modules in series
Voc_stc (V) 38.5 39.04 38.5 38.3
Temp Co of Voc (V/°C) -0.1309 -0.1241472 -0.1309 -0.11873
T min cell_eff (°C) 5 5 5 5
Vmax_oc (V) 41.118 41.522944 41.118 40.6746
Nmax 18.24018678 14.44984248 14.59214942 14.75122066
Minimum number of modules in series
Vmpp_stc (V) 31.1 31.33 32 31.3
Temp Co of Voc -0.1309 -0.1241472 -0.1309 -0.11873
Tmax_cell_eff 70 70 70 70
Vmin_mpp 25.2095 25.743376 26.1095 25.95715
Volt Drop % (assume) 3 3 3 3
Vmin_mpp_inv (V) 24.453215 24.97107472 25.326215 25.1784355
Nmin 7.872175499 8.810193493 6.514988521 10.48516299
Total number model required 18.18181818 17.85714286 17.85714286 18.18181818
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Buildings Name  
Roof Pitch (Degree ⁰) Roof Area (m²) Total Module can fit 
North East  West North East  West North East  West 
Drama Centre 18.5 N/A N/A 335.86 N/A N/A 108 N/A N/A 
Sports Recreation Centre (SRC) & Gym 11.0 N/A N/A 456.12 N/A N/A 108 N/A N/A 
Tavern N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Senate Building 22.5 N/A N/A 235.87 N/A N/A 108 N/A N/A 
Refectory Building 11.0 N/A N/A 702.29 N/A N/A 288 N/A N/A 
Social Sciences Building (SS) 23.0 23.0 23.0 943.65 968.86 509.10 N/S 108 144 
Economics, Commerce and Law Building (ECL) 23.0 23.0 23.0 1139.02 551.93 574.60 324 54 54 
Business Information Technology and Law Building (BITL) 23.0 N/A N/A 324.65 N/A N/A 108 N/A N/A 
Law Building N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Chancellery Building 22.5 22.5 22.5 427.05 317.95 297.89 144 90 90 
Environmental Science Building (ES) 23.0 N/A N/A 243.42 N/A N/A 54 N/A N/A 
Physical Science Building (PS) 23.0 23.0 23.0 1005.36 N/A N/A 270 N/A N/A 
Lecture Theatres Building (NEXUS & KBLT) 23.0 N/A N/A 459.05 N/A N/A 54 N/A N/A 
Library Link Building N/A 23.0 23.0 N/A 238.03 238.03 N/A 54 54 
Library (South) Building 23.0 N/A N/A 767.20 N/A N/A 216 N/A N/A 
Science and Computing Building (SC) 23.0 23.0 23.0 930.14 292.24 296.14 288 54 54 
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North West East North West East North West East
Drama Centre 108 N/A N/A 2 N/A N/A 48.88 N/A N/A
Sports Recreation Centre (SRC) & Gymnasium 108 N/A N/A 2 N/A N/A 48.04 N/A N/A
Tavern N/A N/A N/A N/A N/A N/A N/A N/A N/A
Senate Building 108 N/A N/A 2 N/A N/A 49.67 N/A N/A
Refectory Building 288 N/A N/A 6 N/A N/A 132.50 N/A N/A
Social Sciences Building (SS) Not Suitable 108 144 Not Suitable 2 3 Not Suitable 40.92 58.60
Economics, Commerce and Law Building (ECL) 324 54 54 6 1 1 132.50 21.52 21.99
Business Information Technology and Law Building (BITL) 108 N/A N/A 2 N/A N/A 49.67 N/A N/A
Law Building N/A N/A N/A N/A N/A N/A N/A N/A N/A
Chancellery Building 144 90 90 3 2 2 149.00 35.86 36.63
Environmental Science Building (ES) 54 N/A N/A 1 N/A N/A 24.83 N/A N/A
Physical Science Building (PS) 270 N/A N/A 5 N/A N/A 124.20 N/A N/A
Lecture Theatres Building (NEXUS & KBLT) 54 N/A N/A 1 N/A N/A 24.83 N/A N/A
Library Link Building N/A 54 54 N/A 1 1 N/A 21.52 21.99
Library (South) Building 216 N/A N/A 12 N/A N/A 97.60 N/A N/A
Science and Computing Building (SC) 288 54 54 6 1 1 132.10 21.52 21.99
Murdoch Business School Building N/A N/A N/A N/A N/A N/A N/A N/A N/A
Learning Link (LL) 54 N/A N/A 1 N/A N/A 24.83 N/A N/A
Worship Centre N/A N/A N/A N/A N/A N/A N/A N/A N/A
Education and Humanities Building (EH) 252 54 54 5 1 1 115.90 21.14 21.60
Amenities Building (Amen) 216 108 108 4 2 2 99.30 42.29 43.97
Loneragan Building (LB) Not Suitable 54 54 Not Suitable 1 1 Not Suitable 21.14 22.36
Biological Science Building (BS) 54 54 Not Suitable 1 1 Not Suitable 24.83 21.52 Not Suitable
Veterinary Building (VBS) 324 54 108 6 1 2 149.00 21.52 43.97
Veterinary Clinical Sciences Building (VCS) 144 54 216 3 1 4 66.20 21.52 87.90
Glass House Services Building (GHS) N/A Not Suitable Not Suitable N/A Not Suitable Not Suitable N/A Not Suitable Not Suitable
Animal House 1 162 Not Suitable Not Suitable 9 Not Suitable Not Suitable 74.50 Not Suitable Not Suitable




























Buildings Name Building Number
410
412 & 415
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